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0 Composite QAM-PSK transmiesion system. 

^mS"^'!! ^^^""^ ^'^"^ ^ ^""^^^ ^'Snal. a multilevel modulator produces a 

composite modulated signal which comprises a quadrature amplitude modulated component modulated by the 
first and the second main data signals and represented by a radius on a phase plane and a phase modulated 
component modulated by the subdata signal are represented by a clockwise and a counterclockwise shift on *e 
S -^^«'J^ multilevel demodulator carries out an inverse operafion to reproduce the composite modulated 
signal into first and second reproduced main data signal and a reproduced subdata signal. 
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MULTILEVEL MODULATOR CAPABLE OF PRODUCING A COMPOSITE MODULATED SIGNAL COMPRISING 
A QUADRATURE AMPLITUDE MODULATED COMPONENT AND A PHASE MODULATED COMPONENT 
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Background of the hiveitfon: 

This Invention relates to a multilevel modulator capable of producing a composite modulated signal in 
response to a main data signal and a subdata signal and to a multilevei demodulator fbr use as a 
counterpart of the multilevel modulator. 

A multilevel modulating system of the type described is exempTified In Unfted States Patent No 
4,4Sa050 issued l=8bruary 5. 1985. to Yasuharu Yoshida. the instant applicant and assigned to NEC 
Corporation. TWs system is a composite PSK-PSK modulating system which comprises a 2S)hase PSK 
modulated component carrying the main data signal and a 2-phase PSK modulated component carrying the 
subdate ^ where Ic represents a posHhre integer, in the system, the main data signal has a first bit rate 
f. which is not less than a second bit rate f> of the subdata signal. As a result the subdata signal can be 
ettacfively transmitted without adversely affecting a bit error rate of flie main data signal 

In the meanwhile, a multilevel quadrature amplitude modulating system has recently become the center 
of a digital transmission system, in the muHHisvel quadrature amplitude modulating system, a pair of 
quadrature-phase canler signals are amplitude modulated by first and second input signals into a multilevei 
quadialure amplitude modulated signal. When each of the first and the second input signals is an n-bit 
binary si^ where n b a positive integer which is not less than two. the multiievei quadrature amplifude 
modulated signal has 2a>output signal points on a phase plane which has an origin and real and imaginary 
axes orthi^onaliy crossing at the origin. Sudt the multilevel quadrature ampfitude moduialor is exemplified 
m limted StatE« ^tent Application Serial No. 778.217 filed September 23. 1985. by Junichi Uchibori et al. for 
assignment to NEC Corpoiaiion. ««, iw 

The multiievei quadrature amplifude moduialor can effectively ufaTize a carrier level. Therefore, a iarge- 
cajMdty digital redio communication networic ordinariiy comprises the multilevei quadrature ampBt^ 
rmdulalor. 

By the way. the conventional composite moduiafing system is restricted to the PSK modulation 
Namely the comrentfonal composite moduiafing system can not be applied to the multilevel quadrature' 
amplitude moduiafing system. h-»"'«»«««» 

Summary of the Ihvenflon; 

It is therefore an obfect of Ws invention to provide a multilevel modulator capable of producing a 
composite modulated signal comprising a quadrature amplitude modulated component and a ptase 
modu^ component in response to a main data signal and a subdata signal each of which has different 
bit rates and which are supplied to the modulator as input signals. 

It is anottier object of this invention to provide a multiievei demodulator which is for use as a 
counterpart of flie multiievei modulator of the type described above. 

A multilevel modulator to which tills invention is appHcable is for modulating first and second main data 
signate and a subdata signal into a composite modulated signal. Each of tfie first and the second main data 
signals is represented by first through n-th bits where n is a positive integer which is not less ttian two The 
subdafa signal is represented by one of first and second binary values at a time. The multilevel modulator 
compnws modulating means responsive to ttie first and the second main data signals and tfie subdata 
signal for modulating the first and ttie second main data signals and the subdata signal into the composite 
modulated signal comprising a quadrature amplitude modulated component and a phase modute^ed 
component The quadrature amplitude modulated component is modulated by the first and tiie second main 
d^ signals and has 2^tput signal pdnte on a phase plane. The phase modulated component is 
modulated by flie subdata signal. u~ wumpunem is 

A multilevel demodulator to which this invention is appncabte is for demodulating a composite 
modulated signal comprising a multilevel quadrature amplitode modulated component modulated by firet 
and second main data signals and a phase modulated component modulated by a subdate signal fech of 
fte firet and tt» second main date signals is represented by first ttuough n^h bits and has a first bit rat© f. 
The subdate signal is represented by one of first and second binary values at a time and has a second bit 
rate f, which is not greater than the first bit rate divided by a predetermined natural number m. The phase 
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moduteted component has a phase diffeience of 2» radian when the subdata signal is represented by a 
predetennfried one of the first and the second binary values where a is not greater than The 
muftlevel demodulator comprises detecting means for phase detecting said cojnposite modulated signal to 
produce first and second phase detecfion signals.- According to thirlm^niio'S: the multilevel demodulator 
' ^•JP^^^^Vnses iBprodudng means coupled to the detecting means for reproducing a reproduced 
subdata signal and first and second reproduced main data signals in response to the first and the second 
phase detection signals. »v«»u 

In ttje manner which will later be illustrated, the amplitude modulated component is represented on a 
phase plarie by a radius from an origin. The phase modulated component is represented by a clockwise or 
ro a counterclockwise shift 



Brief Description of the Drawino; 

rs Rg. I is a block diagram of a multilevel modulator according 1o a first embodiment of this im«ntion: 

Rg. 2 shows an output signal point arrangement of a composite modulated signal produced by the 
multilevel modulator Illustrated in Rg. I; « f « u.o 

Rg. 3 Is a block diagram of a muttalevei modulator according to a second embodiment of this 

invention; 

^ mnH..iil"..f JL! diagram of a multilevel demodulator for use as a counterpart of the multilevel 
modulator illustrated in Rg. I; 

Rg. 5 is a block diagram of a subdata producing circuit and a selecting unit operable as a part of the 
multilevel demodulator illustrated In Rg. 4; » 
Rg. ate a block diagram of a multilevel demodulator according to another aspect of this invention- 

^ StJ^l^^ * ^""^^ reproducing circuit operable as a part of the multilevel 

demodulator illustrated in Rg. 6; «"uio»oi 

Rg. 8 is a view for use in describing operation of tiie subdata reproducing circuit illustrated in Rg. 7- 
hventtOT ^'f^m of a multilevel demodulator according to still anotfier aspect of thte 

" ^r^^^Z^J^ ' "^^^ as a part Of ti,e multilevel 

Rg. II is a view for use in describing operation of ttie subdata reproducing unit illustrated in Rg 10- 
Rg. >2 » a view for use in describing operation of the subdata reproducing unit illustrated in Rg id- 

ss demoduLMlS^Sf Jn '""^ ope«ble as a part of the muitite;^, 

den,odStoM«!^a^5'in' rX^' ' '^'^'"^ as a part of the multilevel 

Fig. 15 te a view for use In describing operation of ttie main data reproducing unit illusto^d in ffig. 14. 

40 

Description of the Preferred Embodiments: 

Referring to Rg. I. a multilevel modulator according to a first embodiment of this invention is similar to a 
^ZT1°" °"'-by-fo"^ quadrature amplitude modulator except for a phase modulator 20. The multilevel 
^"-T fnodulaWng and second main data signals MPI and MQI and a subdata signal 

SUB into a complete modulated signal CM. Each of the first and tiie second main data signals MPI and 
MQI IS represented by n bits where n represents a positive integer which is not less ttian two. Ordinarily. 
k^t^^uS'to^'^ " ""^'^'^ *^ description that the positive 

" 'tw<"^be assumed that the first main data signal MPI is of a channel P and is represented by first and 
second brts W and X2. The second main data signal MQ. is of another channel Q and is repTen^ S 
and second bits Yl and Y2. Each of ttie first and ttie second main data signals MPI and MQI in,erefcS 

^^"^ *® '"^i" <*ata signals MPI and MQI has a 

ss ?l ? •«P'«sented by a single bit. namely, one of first and second 

65 bmanr values Which may be binary values "I" and '0'. The subdata signal SUB has a second bit rate f, 
wnicn IS equal to iM where m is a positive integer whteh is not smaller titan two. 
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The phase modulator 20 is supplied with a carrier osdilation signal SCI from a local oscillator 21 and is 
supplied with the subdata signal SUB. The phase modulator 20 is for phase modulating the carrier 
oscillalfon signal SCI by the subdata signal SUB and produces a phase modulated signal SC2. For example, 
the phase moduteted signal SC2 has a Urst precfetemiined phase £Bfference relative to the carrier osdllaSon 
s agnal SCI when the subdata signal SUB has the binary value "O". When the subdata signal SUB has the 
binary value T. the phase modulated signal SC2 has a second predetermined phase difference relative to 
the canler (^ilation sigrial SO. The iirst and the second predetemilned phase differences should have a 
common absolute value a which should not be greater than ^/Z^Wian. In the example being iUustiated. 
0.19 radian is selected as the oommon absolute value a. 
10 The multilevel modulator comprises a first digital-to-analog converter 22 supplied with the first main 
data dgnal MPI and a second digitaMo-analog converter 23 suppUed with the second main data signal MQI 
The first digitaHD-analog converter 22 converts the first main data signal MR to a first analog signal. The 
^cond digiteHo^natog converter 23 converts the second main data signal MQI to a second analog signal. 
Eadi of the fhrst and the second analog stgnate has an amplitude level detennined by a pertinent one of the 
IS first and the second main date signafe *!PI and MQI. The first and the second analog-signals are deDverad 
through first and second kw^pass filters 24 and 25 to first and second arhpKiude modulators 28 and 27 as 
first and second modulating signals MPII and MQU, re^)ectively. 

The phase modulated signal SC2 is delivered to the first amplihxte modulator 26 as a first carrier signal 
sew and supplied through a T/2-phase shifter 28 to the second amplitude modulator 27 as a second carrier 
signal SC20. The first carrier signal SCIO has a quacfrature phase difference relathre to the second carrier 
signal SC20. The first and the second amplitude modulatore 26 and 27 amplitude modulate the first and the 
second carrier signals SCIO and SC20 by the first and the second modulating signals MPII and MQU 
respecth^ly. 

The first and the second amplitude modulatore 28 and 27 produce firet and second modulated signals 
MPI2 and MQI2 and deliver the first and the second modulated signals MPI2 and MQI2 to a multiplexer 29 
The multiplexer 29 multiplexes the first and the second modulated signals MPI2 and MQ12 Into the 
composite modulated signal CM. K is seen that the composite nwdulated signal CM comprises a multilevel 
quadrature amplitude modulated component and the above-described phase modulated component The 
multilevel quadrature amplitude modulated component is modulated by the first and the second main date 
s^als MR and MQL The composite modulated signal CM has sixteen output signal pointe on a phase 
plane as will later be described. The composite modulated signal CM Is transmHted to a multilevel 
demodulator through a transmission medium. 

ReJemng to I=ig. 2. the phase plane is defined by an origin 0 and real and imaginary axes X and Y 
Orthogonally crossing at the origin 0. The real and the imaginary axes X and Y represent the first and the 
second modulated signals MR2 and MQ12 of the respective channels P and Q. The sixteen output signal 
points are depicted at Aij or Bil. where i and j are positive integers which are not greater than four. The 
output signal pointe Aij are derived when the subdate signal SUB has the binary value "0" and 
amsequently when the phase modulated signal SC2 has the first predetermined phase difference relative to 
the wnner oscillator signal SCI. Each pair of ttie output signal points Aij and Bij has a phase difference 
which IS equal to twice the common absolute value «. Additional signal points Ci] are depicted at midpoints 
of the output signal points AIJ and Bij along concentric circles. The additional signal points Cij have 
amphtode levels tL and ±3L These ampKude levels ±L and ±3L are used as reference levels on 
reproducing tiie first and the second main date signals MPI and MQI in ttw multilevel demodulator as will be 
descnt)ed later. 

^ *^ J^! n.""^ *° ^* * modulator according to a second embodiment of this invention is similar 

to thatilhistrated In Rg. L The muRllevel modulator, however, does not comprise ttie phase modulator 20 
descn-bed in connection with Rg. I. Instead, the multilevel modulator comprises firet and second converting 
unite 30 and 31. each of which is supplied witti ttie first and the second main data signals MR and MQI and 
ti»e subdate signal SUB. The firet converting unit 30 comprises a first readniniy memory 32 and a first 

50 digiteMo-analog converter 33. Ukewise. the second converting unit 31 comprises a second read^wly 
memiwy 34 and a second first digital-to-analog converter 35. fech of the first and the second convertinq 
unite 30 and 31 converts ttie first and the second main date signals MR and MQI and ttie subdate siqn^ 

MM. ^f.^" ^^'^ *^ ^'^ Each of ttie first and ttie second analog signals 

„ ^^.il°2l has an amplitude level which is detemiined by ttie first and ttie second main date signals 
55 MP and MQI and is modified by the subdate signal SUB. In ottier words, each of the first and ttie s^d 

analog signals MP2I and MQ2I can be regarded as a phase modulated signal In which each of the first and 
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the second main data signals MPI and MQl is phase modulated by the subdata signal SUB. The first and 
the second analog signals MP2) and MQ2I are delivered through the first and the second low-pass filters 24 
and 25 to the first and the second amplitude modulators 26 and 27 as first and second modulating signals 
MP22 and MQ22, respectively. . — 

5 The carrier oscillation signal SCI is supplied directly to the first amplitude modulator 26 as a first- carrier 
signal SCII and. through the W2-phase shifter 28. to the second amplitude modulator 27 as a second carrier 
signal SC2L The first and the second amplitude modulators 26 and 27 amplitude modulate the first and the 
second canier signals SCII and SC2I by the first and the second modulating signals MP22 and MQ22 Into 
first and second modulated signals MP23 and MQ23. respectively. The first and the second modulated 
to signals MP23 and MQ23 have amplitude levels which are equal to orthogonal projections of the output 
signal points Alj or Bij (Rg. 2) to the real and the Imaginary axes X and Y. 

In order to derive the composite modulated signal CM having a high accuracy, It Is desirable that each 
of the first and the second read-only memories 32 and 34 has an increased number of output Wts. However, 
each of the first and the second read-only memories 32 and 34 may have eight bits for the fbur-by-fbur 
16 quadrature amplitude modulator. 

In Rg. 3. the multilevel modulator is compact as compared with the mujtllevel modulator illustrated with 
reference to Rg. I. Furthermore, It is unnecessary with the multilevel modulator of Rg. 3 to keep bit 
synchronism between each of the first and the second main data signals MPI and MQl and the subdata 
signal SUB and is possible to use a Imnited common bandwidth for the first and the second main data 
20 signals MPI and MQl and the subdata signal SUB. 

Referring to Rgs. 4 and 5. a multilevel demodulator is for use as a counterpart of whichever of the 
multilevel modulators illustrated with reference to Rgs. I and 3 and is for demodulating the composite 
modulated signal produced by the multilevel modulator. The multilevel demodulator comprises a phase 
detector 40, a subdata reproducing unit 41. a processing unit 42, and a selecting unit 43. 
as The phase detector 40 Is suppUed witti the composite modulated signal indicated at CM'. The phase 
detector 40 carries out phase detection of the comporfte modulated signal CM' and produces a first phase 
detection signal as a first analog signal DP of the channel P and a second phase detection signal as a 
second analog signal DO of ttie other channel Q. Each of ttie first and the second analog signals DP and 
DQ has amplitude levels which are equal to orthogonal projections projected to the real and tiie Imaginary 
30 axes X and Y on ttie phase plane as described in relation to Rg. 2. 

The subdata reproducing unit 42 is for reproducing a reproduced subdata signal SUB' and comprises 
first and second analog-to-digital converters 44 and 45 and subdata producing circuit 46. Each of the first 
and the second analog-to-digital converters 44 and 45 has four reference levels depicted In Rg. 2 at ±L and 
t3L The first and the second analog-to-digital converters 44 and 45 are for discriminating ttie amplitude 
35 levels of the first and the second analog signals DP and DQ. The first analog-to-digltal converter 44 
produces a first digital signal as a first subdata discrimination signal SDP represented by first and second 
bte XIO and X30. The second analog-to-digital converter 45 produces a second digital signal as a second 
subdata discrimination signal SDQ represented by first and second bits YIO and Y30. The first bite XIO and 
YIO of tfio first and tfie second subdate discrimination signals SDP and SDQ are for discrimlnatino one of 
40 quadrante of the phase plane. 

The subdata producing circuit 46 is supplied with tiie first and tiie second subdate discrimination 
signals SDP and SDQ. As shown in Rg. 5. tiie subdate producing circuit 46 comprises Exclush^e OR and 
NOR circuits 461 and 462 and a majority circuit 463. Responsive to ttie first bit XIO of ttie first subdata 
discrimination signal SDP and tfie second bit Y30 of tiie second subdate discrimination signal SDQ the 
45 Exclusive OR circuit 461 produces a first logical output signal. Supplied with tiie second bit X30 of the first 
subdate discrimination signal SDQ and tiie first bit YIO of the second subdata discrimination signal SDP ttie 
Exclusive NOR circuit 462 produces a second logical output signal. 

When the first and tfie second analog signals DP and DQ have tiie amplitude levels of tiie output signal 
pointe Aij (Rg. 2), botti of tfie first and the second logical output signals have binary value T whichever 
50 quadrant ttie output signal point Aij may be. On tiie other hand, when tiie first and ttie second analog 
signals DP and DQ have ttie amplitude levels of ttie output signal pointe Bij. botti of ttie first and the second 
togical output signals have binary value "0". It will readily be understood that flie binary values of ttie first 
and tiie second logical output signals con-espond to tfiose of the subdate signal. 

In ttie manner described before, the first and ttie second logical output signals have ttie first bit rate f. 
55 The subdate signal SUB has the second bit rate f, which is equal to f/m. In ttie first and tfie second logical 
output signals, same codes, m in number, may last in successton while one of tfie binary bite continues in 
ttie subdate signal SUB. This is because the first and ttie second main date signals are modulated by 
subdata signal SUB. But, a discrimination error may occur in outputs of tiie first and ttie second analog-to- 
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d^Ral converters 44 and 45. Thb is because the first and the second analog signals OP and OQ has a 
small level (fifference relafive to the reference levels of the f&st and the second analog^o-dlgital convertere 
44 and 45. This means that the code enor or emors may appear in the succession of m t)lts of the first and 
the second logical output sign^ As a result the reprodoced subdata signal SUB' has a reduced cod© 
6 error rate. 

In order to get rid of an influence of the code enor of the first and the second logical output signals, 
each of the first and the second logical output signals is delivered in bit series to the majority circuit 463! 
For each of the first and the second logical output signals, the majority circuit 463 carries out a majority 
decision laiomt in the art with regard to the succession of m t^ts vrfjich m^ include the code error or 
70 enors. The majority circuit 463 produces an output signal In wWch a result of the ma^rity decision lasts m 
bits. The output signal of the majority circuit 463 is the reproduced subdata signal SUB'. Thus, the code 
enor rate of the reproduced subdala signal SUB' Is improved. The code error rate depends on the positive 
iriteger m and the phase difference a. It is therefore desirable that the positive integer m and the phase 
difference a should be a large number and a large diffOrence. The phase difference a is. however, restricted 
rs to racfian in the manner described hertiht)efOre. 

Refening again to Rg. 4. the processing unit 42 will be described more in detail. The processing unit 
42 comprises first through fourth phase shifters 47 to 50 and first through fourth additional analog-to-<figital 
converters 51 to 54. The first phase shifter 47 comprises a first attenuator 471 and a first subtracter 472 and 
IS for shifting the phase of the first analog signal DP with the second analog signal DQ used as will be 
20 described later. LHrewise. the seccmd shlfler 48 comprises a second attenuator 481 and a first adder 482 and 
is for shifting flie phase of flie first analog signal DP. The third phase shifter 49 comprises a third attenuator 
491 and a second adder 482 and is for shifting the phase of the second analog signal DQ with the first 
analog signal DP used as wfll be described later. SImllarfy. the fourth phase shifter 50 comprises a fourth 
attenuator 501 and a second subtracter 502 and is ft)r siwfting the phase of the second analog signal Oa 
as In the first phase shifter 47, the first attenuator 471 attenuates the amplitude level of the second analog 
signal OQ by an attenuation factor virhich win presently be described. The first attenuator 471 thereby 
defivers an attenuated signal to the first subtracter 472. The subtracter 472 subtracte the ampOtode level of 
the aftenuated signal from the amplitude level of the first analog signal DP and delivers an output signal, 
namely, a first phase shifted signal DP^a. to flie first additional analog-to^igftal converter 51. 

In the example being illustrated, the attenuaUon fector of the attenuator 471 is equal to tana. The firet 
.phase shifted s'^nal DP4.a is thereftxe given by: 

Ap«cosO ^A(i«sin0«tana » K«cos{9 * a), 
where Apand Aq represent amplitude levels of the first and jlhe second analog ^gnals DP and DQ s 
represents the phase of the first and the second analog signals DP and DQ, and K represente a constant 
Thus, the first phase shifted signal DP*a has a leading phase of a radian relafive to the firsi analog signal 

Ukewise. tiie second phase shifter 48 supplies the second additional analog-to-digital converter 52 with 
a second phase shifted signal DP^ having a lagging phase of a radian relative to the first' analog signal OP 
The third phase shifter 49 supplies the tWrd addifional analog-toKiigRal converter 53 wtth a third phase 
shifted signal DQ*« having flie leading phase of a radian relative to the second analog signal DQ The 
fourth phase shifter 50 suf^iies the fourth additional analog-tOKligHal converter 54 with a fourth phase 
shifted signal DOa having the lagging phase of a radian relative to flte second analog signal DQ. 

VWten the first and flie second analog signals DP and DQ conespond to the output signal points Aij 
(Rg. 2). a combinafion of tfie firet and the ttdrd phase shifted signal DP.a and DQ.„ represents each of ttra 
4S additional signal points Cij. The first and the third phase shifted signals DP.a and DQ^a therefore have the 
four amplitode levels ±L and ±3L When tfie first and the second analog signals DP and DQ con«spond to 
the output signal pointe Bij (Rg. 2). ttie second and flie fourth phase shifted signals DP ^ and DQ^ each of 
which has flie lagging phase of o radian have ttie four amplitude levels of ±L and ±3L 

TTie first ttirough flie fourth additional analog-to-digital converters 51 to 54 have first through sevenfli 
reference levels of 0. ±U ±2L. and ±3L and carry out a multilevel discrimination on flie first ttirough ttie 
fourth phase shifted signals DP^a. DP^. DQ*a. and DOa. The first additional analog-to-digital converter 51 
produces a first main date discrimination signal as a first processed digital signal PPI represented by first 
ttirough ttiird bits XII to X3I. The first processed digital signal PPI corresponds to ttie output signal pointe 
Aij. Ukewise. ttie second addttfonal anatog-to^figitel converter 52 produces a second processed digital 
signal PP2. The second processed digital signal PP2 conresponds to ttie output signal points Bij and is 
represented by first ttirough ttiird bfte XK to X32. The ttilid additional anafog^to-digital converter 53 
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produces a third processed digital signal PQI. The third processed digital signal PCH corresponds to the 
output signal points Aij and is represented by first through third bits Yll to Y3I. The fourth additional analog. 
tD^igilal converter 54 produces a fourth converted digital signal PQ2 which corresponds to the output 
signal points Bij and wWch is represented by first through third bits YI2 to Y32. 
6 Refening again to Rg. 5, the selecting unit 43 comprises a delay circuit 431 and a selector 432 and is 
supplied with the first through the fourth processed digital signals PM. PP2. PQI. and PQ2 and the 
reproduced subdata signal SUB'. The delay circuit 431 is for giving a delay to the first through the fourth 
processed digital signals PPI. PP2. PQI. and PQ2 so as to keep bit synchronism between each of the fii«t 
through the fourth processed digital signals PPI. PP2. PCM. and PQ2 and the reproduced subdata signal 
70 SUB'. This is because the reproduced subdata signal SUB' has a time lag as a result of the majority 
decision described before. The time lag is equal to m bits of the first and the second subdata discrimination 
signals SDP and SDQ. Each of the first through the fourth processed digital signals PPI. PP2, PQI and PQ2 
tes a bit rate which is equal to tfiat of the first and the second subdata discrimination signals'sDP and 
SDQ. The delay circuit 431 has therefore a delay of m Wts which are given by each of the first through the 
76 fourth processed digital signals PPI. PP2. PQI, and PQ2. 

Reference will again be had to Rg. 4. When the reproduced subdata signal SUB' has the binary value 
"r, namely, when the first and the second analog signals DP and DQ con'espond to the oufout signal points 
Aij, the selecting unit 43 selects the first and the third processed digital signals PPI and PQI and produces 
the first and the third processed digital signais PPI and PQI as first and second output signals OPI and QQI 
so When the reproduced subdata signal SUB' has fiie binary value "0". namely, when the first and the second 
analog signals DP and DQ conespond to the output signal points Bij. the selecting unit 43 selects the 
second and the fourth processed digital signals PP2 and PQ2 and produces the second and the fourth 
fwocessed digital signals PP2 and PQ2 as the first and the second output signals OPI and OQI. 

The first oufout signal DPI is represented by first through third bits XI'. YZ, and X3. The second output 
2S signals OQI is represented by first through third bits Yl'. Y2'. and Y3. A combination of the first and the 
seMiKl bits W' and X2' of the first output signal OPI is a reproduced signal of the first main data signal 
MPl. Another combination of the first and the second bits YI' and Y2' of the second output signal OQI is a 
reproduced signal of the second main data signal MQl. Third bits X3 and Y3 of the first and the second 
outout signals OPI and OQI are phase deviation signals of the first and the second analog signals DP and 
30 DQ, respectively. » h i » «.« 

The first and file third Iwts of tfie first and fiie second output signals OPI and OQI are delivered to a 
phase deviation detecting drcuit 55. The phase deviation detecting circuit 37 produces a phase control 
signal PC in response to Hie first bits XI' and Yl' and ttie ttiird bits X3 and Y3 of the first and the second 
outout signals OPI and OQI. The phase control signal PC is delivered to a voltage controlled oscillator 56 
The voltage controUsd oscillator 56 produces a local osdllatfon signal which Is phase-locked to ttie phase 
control signal PC. Such a phase-locked loop operation is described in Japanese Published Unexamined 
Patent Application No. 131151/82 by tiie present applicant and will not be described any longer. 

Refening to Rg. 6. a multilevel demodulator according to another aspect of ttiis invention is for use as a 
counterpart of whichever of ti» multilevel modulators illustrated with reference to Rgs. I and 3 A subdata 
reproducing unit 57 Is used instead of ttie subdata reproducing circuit 41 described in conjunction with Ro 
4. In other respects, the multilevel demodulator is similar to that illustrated witii reference to Rg. 4 

The subdata reproducing unit 57 comprises a subdata reproducing circuit 58. a low-pass filter 59 and 
an analog-to-digital converter 60. In ttte manner which wrtll later be desaibed in detail, the subdata 
reproducing arcuit 58 is implemented by analog circuits. Supplied with the first and ttie second anafoo 
signals DP and DQ from ttie phase detector 40. the subdate reproducing circuit 58 reproduces a 
reproduced analog subdata signal DH In ttie form of an analog signal. 

^ ^' *® reproducing circuit 58 comprises first through fourth phase shifters 58Ia 

to 58ld, first ttirough sixth full wave rectifiers 5823 to 582f. first ttirough third subtractere 583a to 583c first 
ttirough ttiird analog switehes 584a to 584c. and an adder 585. The subdate reproducing circuit 58 fo'rther 
coinpnses a discrimination circuit 586. an ExclusiveOR drcuit 587. a selector 588. and an amplitude 
modulator 589. Such a reproducing circuit 58 Is described in Japanese Published Examined Patent 
Application No. 698«3 by ttie present applicant Therefore, description will be made witti regard to parts 
which are operable in specific conjunction witti tills invention. 
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If ttie phase detector 40 (Rg. 6) is supplied with the conventional multiievel quadiBbre ampKhide 
m^uteW s^al. the sulKlata mp«x^ 

T^^.^ reproduced in the multilevel demodulator. In the e^Lple t>eing illustS 
phase detector 40 is «jpplled with the composite modulated signal comprising the phasH^^ 
"fSlJ^** ^ '^^'^ Of *. radian in accordance With tte binSy valu^rSe 
^ate signal SUB -merefbre. the subdata reproducing circuit 58 produces the reproduced analog subdate 
signal DH In place of the phase deviation signal. suoaaia 

°* ^'^ ^ 582a and 582b and the first 

^btnacter 583a serves to prcKluce a tirst processed «^ 

^w*^ ^^"a to the first and the second ^ signaToP aid DO a 

S^So? h*!. ^"^Phase shifters 581a and 581b. the second and the third full wave 

rectifiers 582c and 582d, and the second subtracter 583b serves to produce a second pixicessed analoa 

*e fourft phase shifters 581c and said, the fifth and the sixth full wave rectifiers 5820 and 582f and the 
5 iwrd subtracter 583c also serves to produce a third processed analog signal DM 

The output signal points Ai] and Bij are classified into first through fourth groups shown In Rg 8 The 

Ta ^^Z^T^nJ^ f ' *° ^ discrimination results. The third discdmiriation dgnal^ 

^^J?!^^^ and the third analog switches 584b and 584c aHow the 

^* ^ "^^^f^. DK and DM pass through on reception on the firet and the 

secwrf discnmination signals Gl and 02. respecth^ety. V«th regard to the first quadrant of the phase^aro 

. signals DP and DQ correspond to one of the output signal points AH. AI4. Bll. and BW The 

'^Sn?'' to the adder 585 When the first and th^ s^CanSog^rTSS 

and DQ correspond to the output signal points AI2 or 812. The third processed analog signal DM i7suDDiied 

> Cn^to^JSJJcfi^Si^^^^^ 
ih« iiri ^l^^f**.^ °" «n accordance with the positions of 

ttree cw^centnc arcles which have different diameters and a common center at the origin oTshown in 
ft« -nSl-JT" threedlfferent levels are defined by AIIBII. AI2B!2. and AI4B14 in Rg. 2. TTierefOre. 
SJelT^SSi^ ^"^ «r,stantaneous level which varies among the^three diflS 

liJ"^"^S.^^^ ^ fe«els of the reproduced analog subdata signal DH. the lowi^ass 

J^.2«2tl?i ^ approximately f.An. In addition, fte low^^ 

ftTS^^T? ""^ *o reproduced analog subdata signal DH and a residual iitter^^ent^ 
the firet and Ae second main data signals MPI and MCM. An oulput signal of the low-pass fiter 59 fe 

^rSd'LJi^x^jr -^"^ " ^ ^'^^ ^ ^ ^« '^^^-^^ - 

fiinnfr^nJTH*'?^"™?^'''^^-^^^^' ^ ^''^^ discrimination level for tiie reproduced subdata 

Hrn,S^f^ K^^"^:'^" ^^"^ "^"^ 2L. In the example being illustrated. «,e oSl 
J*^ each of the first and the second reproduced main data signals is superior to th« of fte 
f « dB. But. When the positive integer"^ ^^to Jl 

J?L1*L^'''°*''^ ^9"^ S"^' '""'P«'^««' ^ approximately 9 dB becatS 

fte impr^ment of Hto themial rK^ise by tite use of fl« lo«^ filter 59 (Rg. 6). Rnily. the^T^ 

Z^^IT''^'^ "^"^ ^' *^ '""^^ by 3 dB as compared witii the repredS 
first and the second main data signals. oh-whwri 

a« n",^*!!!!"^ *^ '?'f:J! demodulator according to still anotiier aspect of this invention Is for use 

as a Munterpart of whichever of the multilevel modulators illustrated wifli reference to Rgs. I and 3. 
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Supplied with the composits nxxkitded signal CM', the intermediate-frequency amplifier 61 amplifies 
the composite modulated signal CM' and defivers an ampBflad signal to the phase detector 62. The phase 
detector 62 carries out phase detection of the ampntuda signal with reference to a pair of quadrature-phase 
local carter signals supplied through a voltage controlled osdiiator 68. The phase detector 62 denvers first 
5 and second analog signals DPI of the channel P and DQI of the channel Q to the converting unit 63. 

The converting unit 63 comprises first and second baseband amplifiers 67 and 68 and first and second 
analog-to^igital converters 69 and 70. Supplied with the first and the second analog signals DPI and DCH 
the first and the second baseband amplifiers 67 and 68 are for amplifying the first and the second analog 
signals DPI and DCJI to deliver first and second amplified signals to the first and tiie second analog-to-digital 
10 converters 69 and 70. Each of the first and the second analog-to-dlgital converters 69 and 70 has seven 
reference levels 0. sU 421, and ±3L and canies out a multilevel discrimination of a relevant one of the first 
and the second amplified signals. The first and the second analog-to-digital converters 69 and 70 produce 
first and second converted digital signals DPIl and DQII. each of virhich is given in bit parallel, as first and 
second discrimination signals. Each of the first and the second converted digital signals DPIl and DQII may 
IS be an eight^it signal. . 

Referring afresh to Rgs, 10. II. and 12, the subdata reproducing unit 64 will be hereinunder described in 
detail. The subdata reproducing unit 84 comprises a logic circuit 641. first and second muWpliera 642 and 
643, a subtracter 644, and a majority circuit 645. Responsive to first and second upper bits of the first and 
the second converted digital signals DPIl and DQII, the logic circuit 641 discriminates positions of the 
so additional signal points Qj conesponding to the first and the second converted digital signals DPIl and DQII 
and produces first and second factor data FPI and FQI. As shown In J=lg. II, the first and the second factor 
data FPI and FQI take absolute values of unity and three In acconjance with the position of the additional 
signal points Cij, in other words, the number of the positive integer i. As shown in Rg. 12. the first and the 
second factor data FPI and FQI take posithm or negative sign in accordance with the posittons of the 
as additional signd points CII, in other words, the number of the postUve integer i. 

When the additional signal points CIJ are present In the Urst or the third quadrant of the phase plane the 
positive integer i is equal to unity or three. The positive Integer i is equal to one of unity through four. In this 
event, the first and the second multipliers 642 and 643 convert the first and the second converted digital 
signals DPB and DQII conresponding to the output signal points Alj to first and second muHiplicatkNi signals 
30 DMSI and DMS2. respectively, which conespond to the output signal point All (Rg. 2). The first and the 
second multipliers 642 and 643 also convert the first and the second converted digital signals DPIl and DQn 
corresponding to the output signal points Bij to the first and the second multiplication signals DMSI and 
'DMS2, respectively, which correspond to the output signal point Bll (Rg. 2). 

When the additional signal points Cij are present in the second or the fourth quadrant of the phase 
plane, the positive integer i is equal to two or four while the positive integer j is equal to one of unity 
through four. In this event, the first and the second multipHers 642 and 643 convert the first and the second 
converted digital signals DPIl and DQO corresponding to the output signal points Aij to the first and the 
second multfplicaUon signals DMSI and DMS2, respectively, which correspond to the output signal point 
A3I. The first and the second multipliers 642 and 643 also convert the first and the second converted digital 
signals DPIl and OQU corresponding to the output signal point BIJ to the first and the second multiplicafion 
signals DMSI and DMS2, respectively, «»hich correspond to the output signal point 831. 

Supplied with ttie first and the second multiplication signals, the subtracter 644 subtracts the second 
multiplication signal DMS2 from the first multiplication signal DMSI and produces a subtraction result signal 
m bit parallel. The subtraction result signal represents a level of ttie reproduced subdata signal SUB' 
Furthennore. ttie subtraction result signal has the most significant bit representative of a positive sign by the 
binary "I" when the first and tiie second converted digital signals DPIl and DQII correspond to ttie output 
signal point Aij. On ttie ottier hand, the subtraction result signal has the most significant bit representative of 
a negative sign by ttie binary "0" when the first and the second converted digital signals DPIl and DQII 
correspond to the output signal point Bij. Therefore, it is possible to discriminate whettier ttie output signal 
pointe are Aij or Bij by discriminating ttie sign of ttie most significant bit of ttie subtraction result signal. The 
majonty circuit 645 canies out a majority decision on tiie most significant bit of ttie subtraction result signal 
by counting ttie binary -|" and "O" of ttie most significant bite, m in number. The majority circuit 645 
produces an output signal in which a result of ttie majority decision laste m bite. The output signal is ttie 
reproduced subdata signal SUB'. ^ 

Refenring to Rg. 13. a subdata reproducing unit 64' is similar to ttiat illustrated in Fig, 10 except ttiat a 
combination of a digital-to-analog converter 646. a low-pass filter 647. and an analog-to-digitel converter 648 
w substihited for the m^ority circuit 845 (Rg. 10). Supplied witti ttie subtraction result signal in bit parallel 
from the subtracter 844. the digftal-to-anatog converter 648 converts tfie subtraction result signal to an 
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analog signal. The analog has a bandwidth restricted by the tow-pass filter 647 which has the same 
bandwidth as the low-pass fifter 59 described In conjunction with Rg. 6. The low-pass filter 847 delivers a 
filtered signal to the analog-tOKiigital converter 64a The filtered signal is converted by the analog-to^gRal 
converter 648 to the reproduced subdata signal SUB' of a single bit 

5 Referring to Rgs. 14 and 15, the main data reproducing unit 65 comprises a logic circuit 651, a delay 
drcuit 652, first and second multipliers 653 and 654. and first and second adders 655 and 656, The logic 
circuit 651 produces first and second factor date FF2 and FQ2 in response to the reproduced subdata signal 
SUB'. As shown in Rg. 15. when the reproduced subdata signal SUB' corresponds to the output signal 
points Aii (Rg. 2), the logic circuit 651 produces the first factor datum FP2 of -tana and the second factor 

10 datum FQ2 of tana. To the contrary, when the reproduced subdate signal SUB' conresponds to the output 
signal points Bij (Rg. ^, the logic circuit 651 produces the first factor datum FP2 of tana and the second 
factor datum FQ2 of -tana. 

The delay circuit 652 has the same delay time duration as the delay drcuit 431 described in conjunction 
wth Rg. 5. A combination of the first and the second multipiieFs 653 and 654 and thp first and the second 

75 adders 655 and 656 is a digital calcuiator and carries out the fbltowing digital calculation: 
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where OPH and OQD are ackfilion results of the first and the second adders 655 and 656. respectively. In the 
matrix given above, a pair of plus and minus signs will be called a sign pair. Whai the reproduced subdata 
signal SUB' corresponds to the output signal point Aij (Rg. 2). an upper sign of the sign pair is used. When 
the reproduced subdata signal SUB' conresponds to the output signal pdnt Bij (Rg. 2). a lower sign of the 
sign pair is used. 

Refem'ng back to Rg. 2, each of the output signal point Aij or Bij may be considered as a vector (DPll, 
DQll). Neglecting a factor Ucosa which is a constant the above digital calculation rotates the output signal 
point Aij by o radian around the origin 0 counterclodcwise and rotates the output ^gnal pcwnt Bij by a racfian 
around the origin 0 clockwise. Therefore, the first and the second addition results OPIl and OQli correspond 
to the additional signal points Cij (Fig. 2) no matter whichever of the output signal pants Aij and Bij the first 
and the second converted digital s^nals DPll and DQII may conespond to. Namely, each of the first and 
the second addition results OPIl and OOn is a signal wherein each of the firet and the second converted 
digital signals DPll and DC«I is derived of the phase modulated component modulated by the subdata 
signal. 

Refening again to Rg. 9. the first and the second adders 655 and 656 produce the first addition result 
OPIl represented by first through ttiird bits Xl\ X2'. and X3 and the second addition result OQII represented 
by first through ttiird bits YI'. Y2'. and Y3, respectively. 

The ttiird bits X3 and Y3 represent a phase deviation of tiie first and the second amplified signals 
namely, first and second input signals of tfie first and the second anatog-to-digital converters 69 and 70 and 
are deHvered to the first and the second baseband amplifiers 67 and 68 ttirough a low-pass fifter 71. The 
first and ttie second baseband amplifiers 67 and 68 control a d.c. output level tfiereof in response to tiie 
tfiird bits X3 and Y3 filtered by ttie low-pass filter 71. As a result it is possible to compensate for a drift of 
tile direct output levels of tiie first and tfie second amplified signals. Such a drift compensation of tiie 
demodulator is described in United States Patent No. 4.498.050 issued to Yasuham Yoshlda, tiie instant 
applicant, and assigned to NEC (k>rp<ffBtion. 

A first logic circuit 72 is for controlRng a gain of ttie intennediate-frequency amplifier 61 and anottier 
gain of the second baseband ampfifier 68 in response to tiie first and tiie ttiird bits XI and Yl. and X3 and 
Y3 of ttie first and tfie second addition results OPIl and OQII. Such a togic circuit is described in United 
Stales Patent No. 4.574.248 Issued to Yasuham Yoshida. ttie instant applicant, and assigned to NEC 
Corporation. 

A second logic circuit 73 controls tfie voltage controlled oscillator 66 in tiie manner described in 
conjunction witfi Rg. 4. 
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♦h-JI?"S '"T'l" ««« been described in conjunction with several preferred emljodimenis 
iTii^:!'^ ^ ""'"^ the art to put this invention Cp^S^tTtS 

other manners. For example, the first and the second main data signals may be iBoreSZl in^^dZ^ 

an odd number Furthemiore. the number of Wts of the first or the second main data signal may be eo^al to 
dSLi^ fn.SJ'K " " " ''^"y ""''^^ analog-tOKligHal ^vTr^^d^elSc 

ri^rmS.!:; s^'X" ox:r ^ ^^-^ '"^^^ - 



IS 



Claims 



I. A multilevel modulator for modulating a first and a second main data signal and a subdata sionai intn 

* "'"^ «t a time, wherein the improvemerrt comprises- 
modulating means responsive to said first and said second main data signals and said subdate"SL for 
modutebr^ said first and said second main data signals and said sumS^ sCaJInto Sd 

^mL^T?*LT'^'J:^"'^ """'^"t '^'"9 modulated by s^d fim ^ 
second mam data signals and hav ng ^ output slanal Doinls on « nhMa L-^ T. ^ . 

component being modulated by said libdata sigL P*"^ "^'"^ 

oi^ ^ '^^'"^ modulating means comprises: 

«tani^n^"^.II!^'^ * quadrature-phase carrier signals and said subdata 

STe larSSnt?'' ^ ^-^-^^-P^- -onals by s^d lubdata ^^^T^^ 

s modulating means responsive to said first and said second main data signals and 

and said second mam data signals into said composite modulated signal ni oy saia nrst 

ren-L^lTarsl^L'S LrbiCrf"^ " ''^ ^""^^^^^^ 

c«nl!:ill!"r' ^''^'"^ Claim I. Wherein said modulating means comprises: 

conZ^ri-H ?r *° ''^t^ s'enals and said subdata signals for 

~«?r^,?r ^ ^'^^ ■''^ a first a:irsSoS 

« t?'"'*"''® modulating means responsive to a pair of quadrature-phase carrier sianals and 

SSalLtriwIl'^r.?''^'^ ^P"'"'*^ modulating said pair^qTdrare-S 41^ 

^Tl^rn^S "1 ^t'f^ ""'^^ ^'9"^^ =^"1 ""'Posite -Modulated signal 

5. A multilevel modulator for modulating a main data signal and a subdata stanS i„t« , 

modulating means responsive to said main data signal and said subdata sianal for mnri.,i , w 

ss said phase modulated component being modulated by said suMatf ZT ' °" ' P'"'^' 

6. A multilevel demodulator for demodulating a composite modulated sianai ~,mnrio - u-. . 
quadreture amplitude modulated component modulated by anr7Z T^^ 

phase modulated component modulated by a subdata signal, each of said Z ^SnltJ 
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signals being representsd by first through n^h bits and having a first bit rats f, whero n represents a 
positive Integer which is not less than tvro, said subdata signal being represented by one of a firet and a 
second binary value at a time and havi;tg a second bit rate f* which is not greater than said ffrat bit rata 
divided by a predetermined naturai number m. said phase modulated component having a first phase 
difference of pke « radian when said subdata signal is represented by said first binary value, where a is not 
greater than »/2*. said phase modulated component having a second phase difference of minus a radian 
when said subdata signal is represented by said second binary value, said demodulator comprising 
detecting means for phase detecting said composite modulated signal to produce a first and a second 
phase detecticffi signal, wherein the improvement comprises: 

reproducing means coupled to said detecting means for reproducing a reproduced subdata signal and a 
first and a second reproduced main data signal in response to said firat and said second phase detection 
signals. 

7. A multilevel demodulator as claimed in Claim 6. wherein said reproducing meats comprises: 
subdata re(»oducing means responswe to said firet and said second phase detection signals for 
reproducing said npmducod subdata signal: and * 

main data reproducing means responsive to said first and said second phase detection signal for 
re^oductng said first and said second reproduced main data signals in accordance with said reproduced 
subdata signal. 

a A multilevel demodulator as claimed in Claim 7. wherein said subdata reproducing means comprises- 
analog^o-digital converting nneans responsive to said first and said second phase detection signals for 

converting said first and said secortd phase detection signals to a firat and a second digital signd; and 
subdata producing means respmsive to said firet and said second digital signals far producnio said 

reproduced subdata signal » » f «.»iy a«u 

9. A multilevel demodulator as claimed in Claim 8. wherein said subdata produdng means comprises: 
1^ circuit means responsive to said first and said second digital signals for carrying out a logical 
operation on said firat and said second digital signals to produce a firat and a second logical output signal; 
■ 3nCi 

m^RHity circuit means responsive 1o said first and sad second logical output signals for carrying out a 
majority decision on 2m-bits which are equal to a sum of m-blls of said first logical output signal and mH>its 
Of said second logical output signal to produce a result signal as said reproduced subdata signal 

K). A muWievei demodulator as claimed in any one of Claims 7 to 9. wherein said main data 
reproducing means comprises: 

proMssing means coupled to said detecting means for processing said first phase detection signal to a 
first and a second processed digital signal and said second phase detection signal to atiiird and afburth 
processed digital signal: and 

seie^'i^ means coupled to said processing means for selecting one of said firet and said second 
processed digital signals and one of said third and said fourtti processed digital signals in acconJance witti 
said predetermined one of tiie l^naiy values of said reproduced subdata signaL 

11. A multilevel demodulator as claimed in dam 10. wherein said processing means comprises- 

phase shifting means responsive to said first and said second phase detection signals for shifting a 
phase of said first phase detection signal to produce a first and a second phase shifted signal and a phase 
Of said second phase detection signal to produce a third and a fburth phase sh^ed signal, said firet and 
u ®^lf ^'9™'^ '^^'"^ « '^a^'ne and a lagging phase of a radian relative to said first 
phase ^^tecbon signal, said tfiind and said fourttt phase shifted signals having a leading and a laggino 
phase of a radian relative to said second phase detection signal; 

analog-to^igital converting means responsive to said firet through said fourth phase shifted signals for 

S2iS?i^ ^ *° ^ processed 

12. A multilevel demodulator as claimed in Claim 6. wherein said reproducing means comprises- 
converting means coupled to said detecting means for converting said first and said secoiid phase" 

oetocbon signals to a first and a second converted digital signal; 

subdata reproducing means responsive to said first and said second converted digital signals for 
reproducing said reproduced subdata signal; 

main data reproducing means responshre to said first arvJ said second converted digital signals for 
repr^ng said first and said second reproduced main data signals in accordance witii said reproduced 
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13. ^ A multilavel demodulator as claimed in Oalm 12. wherein said sutidata reproducing means 
comprises: 

logic drcuft means responsive to said first and said second converted digital signals for carrying out a 
logical operation on said Urst and said second converted digital signals to produce a first and a second 
6 factor datum; and 

digital processffig means responsive to said first and said second converted digital signals and said first 
and said second factor data for processing said first and said second converted digital signals and said first 
and said second factor data into said reproduced subdata signal. 

14. A mulb-ievel demodulator as claimed in Claim 13. wherein said digital processing means comprises: 
10 a first multiplier responsive to said first converted digital signal and said first factor datum for multiplying 

said first converted digrtal signal by said first factor datum to produce a firat multipUcation signal- 

a second multiplier responsive to said second converted digital signal and said second factor datum for 
muMying said second com«rted digital signal by said second factor datum to produce a second 
multiplication signal; 

IS a subtracter responsive to said first and said second muttiplieation 'signals for subtracting said first 
multplicaton signal from said second multiplication signal to produce a subtraction result signal- and 

a majority circuit responsive to said subtraction result signal for carrying out a majority dUision on a 
succession of m bits of said subtraction result signal to produce a discrimination signal as said reoroduced 
subdata signal. 

20 15. A multilevel demodulator as claimed In Claim 13, wherein said digital processing means comprises: 
a first muHipiier responsive to said firet converted digital signal and said first factor datom for muttlpiying 
said first converted digital signal by said first factor datum to produce a firet multiplication signal- 

a second multiplier responsive to said second converted digHal signal and said second factor datum for 
muftiphnng sakl second converted digital signal by said second f^r datum to produce a second 
ts mulbplication signal: h"«u«, a swuna 

a subtracter responsive to said first and said second multiplication signals for subtracting said first 
multiplication signal from said second multipRcation signal to produce a subtraction result signal- 

a digital-to-analog comrerter coupled to said subtracter fbr converting said subtraction result signal to an 
analog signal; 

8 low-pass filter coupled to said digital-to-analog converter for extracting a predetennined band of said 
analog signal to produce a filtered signal; and » i- «■« ui sau 

an analog-to-digital converter coupled to said low-pass filter fbr converting said filtered signal to a digitel 
signal as said reproduced stdidate signal. a « « uiaiuu 

16. A multilevei demodulator as claimed In Oaim 12. wherein said main date reproducing means 
35 comprises: 

logic circuit means responsive to said reproduced subdate signal for carrying out a logical operation on 
said reproduced subdate signal to produce a first and a second factor datom; and 

digitel processing means responsive to said first and said second converted digital signals and said first 
and said second factor data for processing said first and said second converted digital signals and said firat 
« and said second factor date into said first and said second reproduced main data signals 

17 A multilevel demodulator as claimed In Claim 16. wherein said digitel processing means comprises- 
a firet multiplier responsive to said first converted digitel signal and said first factor datum for multiplying 
said first converted digital signal by said first factor datum to produce a first multiplication signal- 

a second multiplier responsive to said second converted digitel signal and said second tector datum for 
4S mutoplying sakl second converted digital signal by said second factor datom to produce a second 
multiplication signal; f"«uw, a aobuiw 

a first adder responsive to said first converted digitel signal and said second multiplication signal for 
adding said first converted digitel signal to said second multiptlcatfon signal to produce said first reproduced 
main data signal; and 

» a second adder responsive to said second converted digital signal and said first multiplication signal fbr 
adding said second converted digital signal to said first multiplication signal to produce said second 
reproduced main date signal. oownu 

18. A multilevel demodulator for demodulating a composite modulated signal comprising a multilevei 
quadratore amplitode modulated component modulated by a main date signal and a phase modulated 
3d 55 component modulated by a subdata signal, said main date signal being represented by firet through N-th 

bits and liaving a first bit rete f, where N represente an odd number, said subdata signal being reprinted 

^Lli^^V^"^ "'"^ * ^""^ ^"'^ •'^'"■"9 * ^ grater 

than said firet bit rate divided by a predetermined natoral number m. said phase modulated component 
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having a first phase dfffeiwce of plus a radian when said subdata signal is represented by said first binary 
value, where a is not greater than v/2f*, said phase modulated component having a second phase difference 
of minus a radian when said subd^ signal is represented by said second binary value, said demodulator 
comprising detecting means-fbr pfiase detecting said composite modulated signal lo produce a first and a 
second phase detection signal, wherein the improvement comprises: 

reprodudng means coupled to said detecting means for reproducing a reproduced subdata signal and a 
first and a second reproduced main data signal in response to . said first and said second phase detection 
signals. 
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